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CC BY-NC-ND license (http://creativAbstract Background: In rare cases, blunt trauma of the abdomen (BTA) can be a direct
cause of appendicitis.
Purpose: To evaluate whether appendicitis or appendiceal perforation following BTA occurs by
chance or cause.
Methods: This retrospective study was performed for the period July 2010eDecember 2014.
Results: In total, 245 pediatric cases were included. The cause of appendicitis was idiopathic
in 190 (77.55%), appendicolith in 30 (12.24%), trivial abdominal trauma in 17 (6.93%), intrao-
peratively identified hyperplastic lymphoid tissue in six (2.44%), and significant BTA in two
(0.81%) children. The symptoms of the two children who developed appendiceal perforation
after sustaining BTA began from trauma inception, and BTA was the only apparent etiological
factor. The children were a 9-year-old boy who sustained BTA through a bicycle handlebar 4
days previously and an 11-year-old girl who presented at our hospital after falling over a
boulder. Both cases were associated with appendicolith, without solid organ injury.
Conclusion: Acute appendicitis or appendiceal perforation following significant BTA is rare. In
the two corresponding cases in this study, the etiology may have been dislodgement of the ap-
pendicolith at the moment of injury. Moreover, children may erroneously implicate appendic-
ular pain to be trivial trauma sustained during play (6.8% of the current cases). In all children
presenting with right lower abdominal pain and vomiting following BTA (although trivial), the
possibility of appendiceal pathology should be considered.
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lock, Kamal Apartment 2, Banipark, Jaipur, Rajasthan, India.
@yahoo.co.in, meetsurgeon007@gmail.com (R. Gupta).
05.005
Surgical Association. Published by Elsevier Taiwan LLC. This is an open access article under the
ecommons.org/licenses/by-nc-nd/4.0/).
218 R. Gupta et al.1. Introduction
Blunt trauma of the abdomen (BTA) following road-traffic
accidents, bicycle handlebar injury, falls, and assaults
rarely causes appendicitis.1e5 The incidence of such cases is
higher in the pediatric population.2e5 Because we encoun-
tered two pediatric cases that developed appendiceal
perforation after sustaining substantial BTA, we reviewed
our previous records and evaluated whether appendicitis or
appendiceal perforation following BTA in children occurs by
chance or through a causal relationship.
2. Methods
We retrospectively collected the data of all patients
admitted to our tertiary care center of pediatric surgery.
The records of patients presenting with acute appendicitis
or complicated appendicitis over a period of 4.5 years, from
July 2010 to December 2014, were reviewed and analyzed.
Only patients aged < 17 years were included. Patients for
whom appendectomy was performed as an interval ap-
pendectomy and as a part of another procedure (e.g.,
Ladd’s procedure) were excluded.
The clinical, laboratory, radiological, and operative re-
cords of all included patients were evaluated. The
following chart data were reviewed: causative factors,
history of preceding illnesses, and BTA intensity (trivial or
significant). We evaluated the incidence of appendicolith
found intraoperatively, on radiological images, and in
pathological sections of the appendix of patients with
appendicitis. Furthermore, all possible radiological inves-
tigation results, including those of abdominal X-ray, ultra-
sonography (USG), and computed tomography (CT) scans,
were reviewed.
3. Results
We reviewed 245 pediatric cases (197 boys and 48 girls;
male:female, 4:1); of these, 86 (35.10%) had acute
appendicitis, whereas the remaining 159 (64.89%) had
complicated appendicitis (appendiceal perforation and
appendicular lump). The causes were idiopathic in 190
(77.55%), appendicolith in 30 (12.24%) cases, trivial
abdominal trauma in 17 (6.93%) cases, intraoperatively
identified hyperplastic lymphoid tissue in six (2.44%) cases,
and significant BTA in two (0.81%) children. Most appendi-
coliths were single; however, two were detected in three
(10%) cases (Figure 1). The appendicoliths were associated
with complicated appendicitis in 22 of 30 cases (73.33%;
Figure 2).
In the two cases with appendiceal perforation following
BTA, symptoms began from the inception of trauma, with
BTA as the only apparent etiological factor. In both cases,
no evidence of solid organ injury was noted, but these cases
were associated with appendicolith. Their appendicoliths
were present outside the perforated appendix and in the
lump (Figure 3). The following are the detailed clinical and
operative records of the two cases.3.1. Case 1
A 9-year-old boy was referred to us for BTA caused by a
bicycle handlebar injury sustained 4 days previously. The
child had severe abdominal pain (more severe in the right
lower quadrant of the abdomen), nausea, vomiting,
anorexia, and obstipation. The child was conservatively
managed for BTA at a private clinic for the initial 3 days. He
reported that the pain had started after the bicycle handle
bar injury. Although the pain was bearable initially, its
severity increased gradually. He did not report any recent
abdominal uneasiness. On examination, he was hemody-
namically stable. Abdominal examination revealed consid-
erable tenderness in the lower quadrant of the abdomen,
along with rebound tenderness and muscle guarding. Blood
examination revealed 10.5 g/dL hemoglobin and 17,200
white blood cells/mm3 with polymorpholeukocytosis (78%).
Renal and liver function tests and chest radiography
revealed normal findings. Abdominopelvic USG scans
demonstrated an appendicular lump with free fluid in the
pelvis, without solid organ injury. A gridiron incision
revealed the appendicular lump with omentum wrapping
the inflamed appendix. The appendix was perforated and
fecalith (appendicolith) was protruding from its lumen
(Figures 3A and 3B). Next, appendectomy was performed,
and no evident solid organ injury was detected. Further
pathological examination demonstrated appendicitis with
appendicolith. The boy had an uneventful postoperative
recovery.
3.2. Case 2
An 11-year-old girl was referred to our emergency depart-
ment; she complained of abdominal pain and experienced
vomiting episodes after falling while playing in the back-
yard 3 days previously. The girl reported that she fell over a
boulder while playing with her friend and sustained injury
in the upper abdomen (epigastrium and right hypochon-
drium). The symptoms began from trauma inception, and
although the pain was moderate initially, its severity
increased after a few hours. She was hospitalized in a
nearby hospital and then referred to our institute. She did
not mention any recent abdominal discomfort before the
trauma. She was afebrile, with a pulse rate of 122/min and
blood pressure of 98/60 mm Hg. The abdomen had no
external injury marks; however, tenderness was noted on
the right costal margin. Abdominal palpation revealed
moderate tenderness in the right lower quadrant of the
abdomen. Bowel sounds were inaudible. Blood examination
revealed 11.8 g/dL hemoglobin, 13,200 white blood cells/
mm3 with polymorpholeukocytosis (85%), 13-mm erythro-
cyte sedimentation rate at the end of the first hour, 1.58
mg% (direct: 0.7 mg%) serum bilirubin, 440 IU alkaline
phosphatase, and C-reactive protein positivity. Renal
function tests, urinalysis, and chest radiography demon-
strated normal findings. Abdominopelvic USG and CT scans
were inconclusive, except for mild-to-moderate free fluid
in the pelvis. No signs of pneumoperitoneum or solid organ
injury were noted.
Figure 1 Abdominal radiographs showing two appendicoliths (white arrow) mimicking (A) calculi of the genitourinary tract and
(B) a single large spherical (white arrow) appendicolith. (C) A computed tomography image showing two appendicoliths at the base
of the appendix.
Figure 2 (A, C) Intraoperative images showing inflamed perforated appendices with appendicoliths (white arrow) at the base of
the appendix. Sections of appendectomy specimens showing (B) giant spherical and (D) small cylindrical appendicoliths.
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nasogastric tube, intravenous fluids, and antibiotics. How-
ever, she gradually developed rebound tenderness and
generalized abdominal rigidity and tenderness, without
a significant decrease in hemoglobin levels. Because of
the high index of suspicion for perforation peritonitis,exploratory laparotomy was performed using a right
transverse infraumbilical incision, which revealed an
appendicular lump with a perforated appendix. A fecalith
(appendicolith) was detected immediately adjacent to the
perforation site, near the base of the appendix (Figure 3C).
Periappendicular pus collection along with fluid was
Figure 3 Intraoperative images of patients with appendiceal perforation following blunt abdominal trauma. Case 1: (A)
appendicular lump with omentum wrapping the inflamed perforated appendix (white arrow), with appendicolith (black arrow)
protruding from the perforation; the perforated appendix specimen with appendicolith (inset image B). Case 2: (C) perforated
appendix (white arrow) with appendicolith (black arrow) located in the peritoneal cavity near the appendix.
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appendectomy was performed, and no solid organ injury
was evident. Further pathological examination revealed
perforated appendix with inflammation involving all the
layers of appendix. Finally, the girl had a favorable post-
operative course, with a minor wound infection.4. Discussion
The incidence of appendicitis following BTA is low.1e5 A
well-known case of this condition is that of the Hungarian
stunt artist Harry Houdini, who died from a ruptured ap-
pendix after sustaining numerous punches (with consent) in
the abdomen from a trainee.2e5 Although direct appendi-
ceal injury generally occurs concomitantly with other intra-
abdominal organ injury, the appendix is rarely affected by
direct trauma because of its high mobility and small di-
mensions.6 Because both acute appendicitis and BTA are
common in children, they may occur simultaneously. How-
ever, younger children may incorrectly implicate appen-
dicular pain to be trivial trauma sustained during a fun
activity (6.8% of our cases).
The following are Fowler’s criteria for accurately
implicating BTA as a cause of acute appendicitis: no pre-
vious appendicitis episodes reported, trauma and mecha-
nism of injury created a force that reached the appendix;
effects of the trauma experienced immediately; super-
imposed acute appendicitis present; and true traumatic
appendiceal lesions detected intraoperatively.7 In our two
cases that developed appendiceal perforation after sus-
taining substantial BTA, all these criteria were fulfilled
except for the final criterion; both presented with an
appendicular lump.
The proposed multifactorial mechanisms of acute
appendicitis as a consequence of BTA are obstruction of theappendiceal lumen because of edema formation, appendi-
ceal intramural or ileocecal hematomas and/or intrinsic
lymphoid tissue hyperplasia, enlarged mesenteric node or
fecalith or stool displacement at the moment of injury,
mesenteric disruption, appendiceal artery devasculariza-
tion, and appendiceal transaction.1,4,8e11 The mode of
injury, the anatomy and position of the appendix or mes-
entery, and its vascular supply have been described pre-
viously.1,4,8e11 According to one of the largest reviews of
cases of acute appendicitis following BTA, which examined
cases reported between 1991 and 2009, the clinical findings
of all 28 cases of appendicitis following BTA that underwent
surgery, corroborated the intraoperative findings.2 Of
these, 20 (71%) were children. Thus, the incidence of acute
appendicitis following BTA is higher in children than in
adults. The male:female ratio was 8.3:1 in the review2; this
ratio was also high in other studies.3e5,8
Appendiceal perforation following BTA noted in our two
cases may have occurred because of appendicolith
dislodgement at the moment of injury. An appendicolith
(appendiceal calculi, appendiceal enterolith, or appendi-
ceal lithiasis) is a conglomeration of firm, dense feces with
some mineral deposits.12 In both our cases, the appendi-
coliths were located in the peritoneal cavity near the site of
appendiceal perforation, without other associated organ
injuries. In addition, the obstruction of the appendiceal
lumen because of stool displacement has been proposed.1
Here, we propose the following factors responsible for
appendicitis or perforation of appendix following BTA as
being common in the pediatric population, with reference
to previous reports.1,4,8e11
The abdominal cavity of children is smaller than that of
adults; thus, the increase in intra-abdominal pressure in
children after sustaining BTA is more severe than that in
adults after sustaining BTA with a similar force. Moreover,
the abdominal wall is softer, suppler, weaker, and less
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well protected by their parents and are less involved in
outdoor activities, whereas older children participate in
more outdoor activities and can rarely protect themselves
against trauma compared with adults.
A sudden increase in the intra-abdominal pressure
generated by BTA is shared by various organs, depending on
their proximity to the impact site. In addition, increased
pressure received by the cecum or right colonic loop and
critical pressure transmitted to the cecum (in the presence
of a competent ileocecal valve) can result in dislodgement
of the appendicolith in the appendiceal lumen, followed by
obstruction of the appendiceal lumen or its perforation
(Figure 4). By contrast, in adults, the base of the appendix
is at the posteromedial wall of the cecum; therefore, it may
evade the impact (Figure 4).13e15
In children, the desire to defecate may be postponed
when preoccupied with playing; thus, their colon may be
loaded, increasing the possibility of forcible gas expulsion
and appendicolith dislodgement at the moment of injury
(Figure 4). In addition, the incidence of appendicoliths isFigure 4 (A) The base of appendix is located at the apex of the
diameter of appendiceal base (c1c2: a1a2)Z 4.5: 1]; (B) differentia
The base of the appendix is located at the posteromedial wall
appendicitis following blunt abdominal trauma: (A*) in children an
cecum, dislodging the appendicolith at the moment of injury, whehigher in the pediatric population, generally in association
with complicated appendicitis.16,17 In our case series,
12.24% of the cases had appendicoliths, with two following
BTA, substantiating our proposed mechanism. Supporting
this argument further are other studies reporting that the
incidence of fecalith in the appendiceal lumen is higher in
cases of traumatic appendicitis than in those of non-
traumatic appendicitis.18
The clinical presentation of post-traumatic appendiceal
perforation may be similar to that of typical appendiceal
perforation, as seen in this study. Because of its rarity,
post-traumatic appendiceal perforation is generally not
considered and is misdiagnosed: if a history of trauma had
been unknown to us, we may have made the diagnosis of
appendiceal perforation at onset, as seen in another study.3
BTA work-up should include a thorough and efficient
acquisition of patient history and physical examination,
along with a high index of suspicion. USG scans may not be
confirmatory, unless performed by an expert.2 Here, CT
scan findings in Case 2 were not confirmatory, similar to
another study.9 Repeated clinical examination, withcecum in infants and smaller children [diameter of the cecum:
l growth and elongation of the right and anterior cecal wall. (C)
of the cecum in adults (c1c2: a1a2Z 8.5: 1). Mechanism of
d (B*) adolescents, increased pressure is transmitted from the
reas (C*) in adults the appendix evades the injury impact.
222 R. Gupta et al.judicious inclusion of laboratory and radiological examina-
tion, is recommended. The differential diagnosis of
appendicitis should be considered in patients, particularly
pediatric patients, when their presentation is similar to
that of appendicitis or appendiceal perforation following
BTA because delay in diagnoses can be detrimental.
In conclusion, acute appendicitis or appendiceal perfo-
ration following serious BTA is rare (here, only 2 of 245
cases). In these two cases, the etiology may have been
dislodgement of the appendicolith at the moment of injury,
because both cases were associated with appendicolith.
Moreover, children may erroneously implicate appendiceal
pain to be trivial trauma sustained during a fun activity, as
seen in 6.8% of our cases. Thus, we suggest that the pos-
sibility of appendiceal pathology should be considered for
children presenting with right lower abdominal pain and
vomiting following BTA (although trivial).Acknowledgments
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